Abstract: In a previous study, we evaluated the influence of periodontal treatment and physiological parameters on the subjective perception of mastication using the Oral Impact on Daily Performance Questionnaire (OIDP). In this study, we investigated the influence of periodontal treatment on the objective measures of masticatory performance in the same study sample. Patients with chronic periodontitis (n = 28) were examined on two occasions with a 45-day interval. Electrical activity of the masticatory muscles and maximum bite force were determined. In addition, masticatory performance was assessed using silicone impression blocks as test material. The median particle size of the chewed blocks was determined employing a sieving method. The number of teeth and the probing depth were also recorded. The probing depth was significantly reduced following treatment (P < 0.001). The median particle size of the chewed material was also reduced, which indicates a significant improvement in masticatory performance after treatment (P < 0.001). Bite force and muscle activity were significantly correlated both before and after treatment (P < 0.05). There was a negative correlation between masticatory performance and number of teeth (P < 0.05); moreover, individuals with a lower number of teeth exhibited poorer masticatory performance (P = 0.01). Periodontal treatment had a positive influence on masticatory performance 45 days after conservative treatment. (J Oral Sci 54, 151-157, 2012)
Introduction
Mastication is the first stage of the digestive process and results from rhythmic movements of the mandible by which food is shredded between the teeth (1). The mechanical shredding of food transforms it into smaller particles, thereby facilitating its enzymatic processing in the digestive system (2-4). The periodontal ligament provides information on the jaw relations and occlusal loads during food break down, adjusting the masticatory forces (5) . Chronic periodontitis involves pathological detachment of collagen fibers from the cementum and junctional epithelium causing apical migration. Inflammatory events associated with connective tissue attachment loss also lead to the resorption of coronal portions of tooth supporting alveolar bone (6) . These events can cause loss of receptors in the periodontal ligament, tooth mobility and reduced masticatory function (7) .
Masticatory function can be assessed by objective methods, such as evaluation of the electrical activity of the masticatory muscles (electromyography -EMG), masticatory performance and bite force (8) (9) (10) . Masticatory performance is assessed by determining an individual's capability to fragment natural foods or test materials (11) . Materials with uniform properties that allow reliable reproduction are ideal for evaluation of masticatory activity (8) .
In a previous study conducted by our group in this sample, the number of teeth was found to have considerable influence on the perception of impact on mastication based on the Oral Impact on Daily Performance (OIDP) questionnaire (12) . Furthermore, there was a significant negative correlation between the number of teeth and difficulty in eating before and after treatment. In this study performed on the same patients who participated in the previous study, we investigated the correlations among the objective measures of masticatory function (masticatory performance, bite force, masticatory muscle activity) and also the influence of periodontal treatment on the outcomes of masticatory performance.
Materials and Methods
The present study was approved by the Ethics Committee of the Vale do Rio Verde University, Três Corações, Minas Gerais, Brazil (process no. 0026.0.380.000-07). The participants signed terms of informed consent.
Characteristics of the subjects and the objective methods used for masticatory evaluation were described previously (12) . Briefly, 283 individuals were initially screened for suitability based on the eligibility criteria during their first visit for dental treatment to the University Clinic. Thirty-two patients (18 women and 14 men) with chronic periodontitis were eligible for the study and were evaluated on two occasions with a 45-day interval. Twenty-eight patients completed both evaluations (age range 23 to 56 years; mean age: 37.9 years). All evaluated patients received dental treatment at the University Clinic, even those not taking part in this study, in the undergraduate practice.
The patients had at least 20 teeth and at least four occlusal units (one pair of molars in occlusion was considered two units and one pair of premolars in occlusion was considered one unit) (13) . All patients were diagnosed to have chronic periodontitis based on the following criteria: attachment/bone loss (radiographic evaluation), bleeding upon probing, reddish discoloration of the gingiva and periodontal pockets with depths of 4 mm or more in at least four sites on different teeth.
Patients with diabetes or temporomandibular disorder, pregnant women, patients wearing dental appliances, those with teeth indicated for extraction, caries or pain (pulpitis) and those with implants were excluded from the study. Patients with removable dentures were instructed to remove them for the execution of the tests. Patients requiring surgical treatment were also excluded from the sample.
Periodontal status was assessed prior to and 45 days following treatment by the same examiner. The periodontal examination involved measuring pocket depth with a manual periodontal probe (Hu-Friedy PCP-UNC 15, Hu-Friedy, Chicago, IL, USA) to the nearest millimeter. The mean values of each patient were considered for statistical purposes (7) .
All patients received basic periodontal treatment, which consisted of oral hygiene instructions, plaque control and scaling and root planing. The first treatment session started right after the first appointment for clinical examination and physiological measurements. The patients received quadrant-wise treatment of the whole dentition, under local anesthesia, at weekly intervals, in two to three sessions. Manual periodontal curettes were used (Hu-Friedy Gracey Standard Curettes SG 3/4, 11/12, 13/14, After Fives Curettes SAS 3/4, 11/12, 13/14, Hu-Friedy). The smoothness of the root surface was checked using a periodontal probe (Hu-Friedy PCP 11, Hu-Friedy) and an explorer (Hu-Friedy Wilkins-Tufts 17/23, Hu-Friedy) (14) .
The probing depth was recorded before and after treatment by a trained examiner. This examiner was blinded to the study protocol and unaware of whether the patients were participating in the study in order to avoid bias on probing depth accuracy before and after treatment.
A signal conditioner (MCS-V2 EMG System do Brasil Ltd., São José dos Campos, Brazil) was used for electromyographic readings and determination of bite force. Muscle activity of both masseter and anterior portion of temporalis muscle were recorded using bipolar surface electrodes (Skintact Premier, ECG electrodes, 35 × 50 mm, Leonhard Lang Ltd., Gloucestershire, UK) while participants performed maximal clenching. A stainless steel circular electrode was used as a reference electrode (ground electrode), placed on the back of the right wrist.
A force transducer of 12 mm that provides a signal corresponding to the applied compression force was used for measurement of the bite force, with an analog output reading of 0 to 5 volts and recording of the signal measured in Newton. The transducer was protected by a rubber cover, which made it soft to bite without any harm to the teeth. Besides, the cover had a mark for incisor placement in order to take all measurements at the same position. The transducer followed the dental arch format and was in contact with all teeth. Maximum voluntary bite force was measured bilaterally. Participants were instructed to bite as hard as possible on the bite force transducer. A verbal command was given to maintain clenching with maximal possible force for five seconds. The volunteer repeated the contraction twice, with a 5-min interval between readings. The means of root mean square (RMS) obtained on maximal clenching (during maximal bite force measurement) were used.
Masticatory performance was evaluated using the test material, Optosil (Optosil, Heraeuz Kulzer, Hanau, Germany) (15) . The product was mixed and poured in acrylic molds with 5.6-mm cubic compartments under mechanical pressure. Each participant received 17 cubes (3.6 g), which were subjected to 20 mastication cycles. The subjects were then instructed to spit out the shredded particles onto filter paper and rinse the oral cavity with water to collect the remaining particles. The particles were rinsed with water, allowed to dry, removed from the filter paper, weighed and passed through a series of ten granulometric sieves with mesh size ranging from 5.6 to 0.50 mm connected in decreasing mesh size order upon a metal base. The particles were passed through the first sieve of the series and the set of sieves was maintained under vibration for 20 min. The particles retained in each sieve were removed and weighed on an analytical scale with a precision of 0.001 g. The distribution of the particles by weight was described by a cumulative function of the particles (15) . A non-linear regression procedure was used to obtain estimates of the parameter (median particle size) describing this function. The median particle size (X 50 ) is the aperture of a theoretical sieve through which 50% of the test food particles can pass. A smaller median particle size denotes a better masticatory performance.
The error in the recording of EMG, bite force and masticatory performance was calculated by evaluation of two repeated measurements (x 1 , x 2 ) with a 14-day interval. The data from 10 control subjects of the same age were analyzed using the Dahlberg formula (EM = �Σ(x 1 -x 2 ) 2 /2n) and paired Student's t-test. There was no significant difference between the evaluations (P > 0.05) and the error of reproducibility was less than 10%.
Statistical analysis was performed using the Sigma Stat 3.1 statistical package (Systat Software Inc., Chicago, USA), with the level of significance set at 5%. Normality was assessed using the Shapiro-Wilk W-test. The Wilcoxon test was used to assess differences in the muscle electrical activity (EMG), bite force and masticatory performance values between sessions. Spearman's correlation coefficients were calculated for the determination of correlations between the variables. Multivariate logistic regression (backward stepwise procedure) was employed to test the association between the treatment (dependent variable; 0 = prior to treatment; 1 = following treatment) and the mastication parameters studied. The following were the independent variables: probing depth, median particle size, number of teeth, number of masticatory units and bite strength. These variables were introduced in the model and regressively removed (backward stepwise procedure); only those with a P-value < 0.05 remained in the model.
The relative contributions of probing depth, number of teeth, number of masticatory units, muscle electrical activity and bite force to the masticatory performance variation between the two stages of periodontal treatment (before/after) were tested by multiple regression analysis with backward elimination. The effects of periodontal treatment stage (before/after) were captured by creating a dummy variable (0 or 1). 
Results
Probing depth was significantly reduced following treatment (P < 0.001). The median particle size of Optosil particles (X 50 ) was also significantly smaller, indicating an improvement in masticatory performance (P < 0.001) ( Table 1) .
The outcomes of all measured variables were correlated to one another before and after periodontal treatment (Table 2 ). There was a significant positive correlation between bite force and EMG both prior to and following treatment (P < 0.05). There was a negative correlation between masticatory performance and number of teeth (P < 0.05), which indicated smaller median particle sizes (better masticatory performance) for larger number of teeth.
The logistic regression model revealed that probing depth and masticatory performance were significantly associated with treatment. Thus, periodontal treatment reduced the probing depth and improved masticatory performance (P < 0.05) ( Table 3) .
By means of backward stepwise multiple regression it was observed that the stage of periodontal treatment (dummy variable) was the most important factor that explained the masticatory performance change after periodontal treatment (19%) ( Table 4) .
Discussion
In the present research, patients were subjected to non-surgical periodontal treatment. The re-evaluation of masticatory physiology was stipulated after a period of 45 days, which was determined based on the observation of significant improvements in probing depth following this period of time (P < 0.001). Moreover, multiple logistic regression revealed a significant association between probing depth and periodontal treatment. This finding demonstrates that conservative periodontal treatment with manual instruments (scaling and root planing) was capable of promoting significant improvements in clinical periodontal parameters (13) within a short period (45 days).
The patients achieved a significant improvement in masticatory performance following treatment, as was demonstrated by the better fragmentation of the Optosil blocks (P < 0.001). The improvement in masticatory performance (7.4 -> 5.9 mm) is clinically relevant since patients could swallow finer food particles after treatment. The masticatory performance achieved by the patients after treatment was quite similar to that found in control subjects (5.3 mm) in a previous study at our laboratory (16) . Individuals with a masticatory disorder tend to compensate by changing their diet to food with a softer consistency or by swallowing larger pieces (15) . The former causes dietary imbalance due to inadequate consumption of essential nutrients and the latter may result in a reduction in the bio-availability of nutrients. In both cases, there is an increased risk of gastrointestinal disorders (17) .
There was no association between masticatory performance and maximal bite force (P > 0.05 - Table  4 ). Periodontal treatment is believed to have positively influenced performance, which is extremely dependent on the contact of tooth surfaces. An interesting association has previously been demonstrated between probing depth and premature contact, which reduces surface contact between teeth and consequently, masticatory performance (18) . To date, the influence of periodontal treatment on masticatory performance has not been longitudinally assessed. Sensory signals from the periodontal ligament are important for the regulation of bite strength. In previous studies, alterations in probing depth and insertion level were found to be significantly correlated with a reduction in bite force (7, 19 ). An explanation for this is based on the belief that the loss of periodontal support results in compromised modulation of masticatory forces (5). However, although the bite force slightly increased after 45 days of periodontal treatment in the present study, the increase did not reach statistical significance (P = 0.296). The discrepancy in results between the studies cited and the present investigation may be related to methodological differences. In the present study, the assessment of bite force was carried out after 45 days of treatment, whereas the studies cited performed cross-sectional comparisons between individuals with different degrees of periodontal disease and a control group. Moreover, in the study by Alkan et al. (7), the patients with chronic periodontitis received periodontal treatment prior to the evaluation of bite force, whereas the initial assessment of bite force in the present study was performed prior to treatment. The results of the present investigation corroborate a previous population-based study in which periodontal status was not correlated to a reduction in bite force and was only influenced by the number of teeth present, gender and age (20) .
It should be stressed that, although masticatory performance improved between the two evaluations and it is reported to be influenced by bite force in approximately 40% (21) , the 45-day period is believed to have been insufficient for promoting an increase in muscle mass and, consequently, the bite force of individuals with periodontal disease. As discussed above, the improvement in the occlusal contact brought about by periodontal treatment may have had a positive effect on this variable. Another important issue is that bite force also depends on the number of teeth in occlusion (21) . Patients with periodontal disease tend to experience tooth loss, which hinders comparisons to studies carried out on healthy patients. The fact that periodontal disease causes tooth mobility must also be taken into consideration. Thus, even after treatment, patients may be wary of applying maximal force on the transducer as a reflex developed to preserve the teeth.
The electromyographic activity of the masticatory muscles (EMG) was not influenced by periodontal treat- * P < 0.05; PD -probing depth; MP -masticatory performance; EMG -electromyographic activity; CI -confidence interval ment (P > 0.05). This finding corroborates a previous study, in which teeth with more than a 50% reduction in periodontal support were equally able to support masticatory loads (22) . A significant correlation was found between bite force and electromyographic activity before and after treatment (P < 0.05) as well as between masticatory performance and number of teeth (P < 0.05). These findings corroborate those described previously (10, 19) .
In the present research, we observed a treatment response effect between extent/severity of periodontitis and masticatory function (Table 4) . However, longitudinal randomized intervention trials with larger samples in patients against healthy controls are needed to improve the validity of these findings. However, comparisons of bite force, masticatory performance and EMG between the patient and control groups are susceptible to possible differences in number of teeth (21), facial pattern and muscle mass (23, 24) . Comparisons among different subject groups may thus be made in homogenous subject groups, otherwise the results will be inconclusive.
Based on the results obtained in the studied sample, periodontal treatment had a positive influence on masticatory performance 45 days after conservative treatment.
